We present high angular resolution observations of the HC 3 N J=5-4 line from the Egg nebula, which is the archetype of protoplanetary nebulae. We find that the HC 3 N emission in the approaching and receding portion of the envelope traces a clumpy hollow shell, similar to that seen in normal carbon rich envelopes. Near the systemic velocity, the hollow shell is fragmented into several large blobs or arcs with missing portions correspond spatially to locations of previously reported high-velocity outlows in the Egg nebula. This provides direct evidence for the disruption of the slowly-expanding envelope ejected during the AGB phase by the collimated fast outflows initiated during the transition to the protoplanetary nebula phase. We also find that the intersection of fast 
INTRODUCTION
The rapid evolution of low and intermediate mass stars (1 to 10 M ⊙ ) after the end of the Asymptotic Giant Branch (AGB) phase is accompagnied by a radical change in the morphology of their circumstellar envelopes around them. The circumstellar envelope created by the slow and dusty stellar wind during the AGB phase is known to be roughly spherically symmetric as the radiation pressure on dust grains is expected to be isotropic.
On the other hand, a variety of morphologies ranging from spherical to multipolar shapes have been observed in post-AGB envelopes and planetary nebulae. It is also during this phase that collimated high velocity outflows are seen, such as in the Egg nebula (Cox et al. 2000) and in CRL 618 (Sánchez-Contreras et al. 2004) . The shaping of the complex envelope morphology and the mechanism that generates the high-velocity outflows of post-AGB stars are very poorly understood. Lee & Sahai (2003) suggest that envelopes with bipolar morphologies are shaped by the interactions with a fast collimated outflow or jet launched in the polar directions. Their hydrodynamic simulations are able to reproduce both the envelope morphology and other properites such intensity of emission lines excited in the shocked gas at the interface between the jet and the slow wind.
The Egg nebula (CRL 2688) is widely considered as the prototype of proto-planetary nebulae (PPN), a class of stars in the rapid transition phase between the AGB and planetary nebulae. During the PPN phase the central post-AGB star contracts and gradually becomes hotter, but is not yet hot enough to ionize its surrounding envelope. Using high resolution spectroscopic observations of the scattered stellar light Klokova et al. (1996) Recently, using multi-epoch optical images from Hubble Space Telescope, Ueta et al. (2006) succesfully measured the spatial expansion of the nebula and thereby determined the distance to CRL 2688 of 420 pc. We shall henceforth use this distance for the Egg nebula High spatial resolution optical images of CRL 2688 reveal a pair of bipolar lobes seen as search-light beams emanating from the central (obscured) star and oriented perpendicular to a dark lane (Sahai et al. 1998a ). This conspicuous dark lane has been commonly interpreted as an equatorial disk of cold dust. High angular resolution images of hot molecular hydrogen gas emission at 2.2 µm reveal shocked gas, tracing the strong interaction between the fast outflows and the slow wind (Sahai et al. 1998b) . Surprisingly, hot molecular hydrogen emission is seen in both bipolar lobes as well as in the equatorial plane far beyond the dark lane, indicating the presence of multiple fast collimated outflows.
Indeed, high spatial resolution mapping of CO J=2-1 emission by Cox et al. (2000) reveals the presence of several pairs of collimated fast molecular outflows along both the bipolar axis and the equatorial plane. These molecular outflows can be traced back to a common origin, presumably the location of the central post-AGB star in the Egg nebula. Cox et al. (2000) suggest that the observed CO emission does not constitute the actual fast collimated outflows, but rather molecular gas swept up by even faster collimated outflows that comprise mainly atomic or ionized gas. By contrast to its appearance in the optical, no equatorial disk is the Egg nebula is seen in the CO J=2-1 by Cox et al. (2000) . High spatial resolution observation of HCN J=1-0 by Bieging & Nguyen-Q-Rieu (1996) traces molecular gas at higher densities along both the bipolar lobes and the equatorial plane consistent with gas swept up gas by the fast outflows. The only observation that seems to directly trace the AGB wind is that by Yamamura et al. (1996) Current chemical models (Millar et al. 2000 , Cherchneff et al. 1993 for carbon rich envelopes suggest that HC 3 N molecules are formed by photochemistry in the outer part of the expanding envelope. Thus the spatial distribution of HC 3 N is predicted to exhibit a hollow shell structure. In the case of the carbon rich envelope of IRC+10216, the spatial distribution of cyanopolyyne molecules has been imaged at high angular resolution (Bieging & Tafalla 1993 , Lucas & Guélin 1999 , Dinh-V-Trung & Lim 2008 and shown to have the hollow shell structure as expected from chemical models. The relatively high anbundance and high electric diople moment of HC 3 N make its rotational lines relatively strong in the circumstellar envelope. The HC 3 N lines might be useful to probe not just the chemistry but also the structure of the envelope at high angular resolution. In the Egg nebula we also expect the molecule to form in the outer part of the envelope and its emission lines could be used to trace the spatial structure and kinematics of the outer envelope of the Egg nebula.
Interferometric observation of HC 3 N emission line in the 3 mm band by Nguyen-Q-Rieu & Bieging (1990) indicates a compact and centrally peaked emission, most likely due to the limited angular resolution of about 8 ′′ .
In this paper we present high resolution observations of the HC 3 N J=5-4 emission line, which traces the outer molecular envelope of the Egg nebula. The envelope is found to be -6 -disrupted by the passage of the fast collimated outflows along the polar direction and in the equatorial plane. We also present a simple model of the envelope to better understand its spatial kinematics.
OBSERVATION
We observed the Egg nebula on 2002 November 24 and 2003 March 03 using the Very Large Array (VLA 2 ) in its C and D configuration. We pointed the telescope at α j2000 =21h02m18.8s, δ j2000 =36d41m38.0s, which is very close to the peak of the continuum emission observed previously by Cox et al. (2001) We edited and calibrated the raw visibilities using the AIPS data reduction package.
The calibrated visibitilies from different configurations were merged using the task DBCON, and then Fourier transformed to form the DIRTY images. We employed the robust 2 The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under a cooperative agreement by Associated Universities, Inc.
-7 -weighting together with tapering of the visibilities to obtain a satisfactory compromise between angular resolution and sensitivity to extended emission. The DIRTY images were deconvolved using the clean algorithm IMAGR implemented in AIPS, providing a synthesized beam of 1 ′′ .3x1 ′′ .08 at a position angle of PA=2
• .35. The rms noise level in our channel maps of HC 3 N J=5−4 is 2.3 mJy beam −1 in each velocity channel of 3.9 kms −1 .
The conversion factor between the brightness temperature of the HC 3 N J=5-4 emission and its flux density is ∼2.37 mJy K −1 . Table. 1 provides a summary of our observations.
3. RESULTS Near the systemic velocity, most prominently at and between velocity channels -30.7
and -38.4 kms −1 , the hollow shell structure is clearly disrupted and fragmented into several large clumps of intense HC 3 N J=5-4 emission. At the systemic velocity the shell is -9 -delineated by four large clumps roughly mirror-symmetric with respect to the lines passing through the nebula center at position angles of ∼20
• and 110
• . The space between these clumps form two pairs of cavities. Figure 3 shows the integrated intensity map of the HC 3 N J=5-4 emission. This integrated intensity map clearly shows the presence of the cavity pair in the equatorial plane and also the pair along the polar direction. These cavities are separated by four intense peaks of HC 3 N emission. These evacuated cavities are oriented along the axes of the fast collimated outflows as traced by the molecular hydrogen emission (Sahai et al. 1998b ) and CO J=2-1 emission (Cox et al. 2000) as sketched in Figure 3 .
As can be seen in the figure, the spatial correspondance between the cavities and the fast outflows is reasonably good. These fast outflows are confined within the cavities. That is especially evident for the outflows in the polar direction, which are closely aligned within the narrow cavities oriented at a position angle of about 20
• . We note that Cox et al. (2000) esimate the average position angle of the polar outflows to be about 17
• , very similar to that of the cavities seen in our HC 3 N J=5-4 observations. Cox et al. (2000) also suggest that all the outflows can be traced back to a common origin. As can be seen in Figure   3 , the intersection of different outflows is clearly offset from the center of the HC 3 N shell.
Close inspection of Figure 3 indicates that the shell is centered close to the position of the 1.3 mm continuum peak (α j2000 =21h02m18.647s, δ j2000 =36d41m37.8s) observed by Cox et al. (2000) . We estimate that the offset between the intersection of outflows and the center of the HC 3 N shell is about ∼1 ′′ , which is quite significant given our high angular resolution 
A simple model of HC 3 N shell
From the discussion in the preceeding section we suggest that HC 3 N emission traces the remnant AGB envelope around the Egg nebula. The AGB envelope is disrupted by the interaction with the fast collimated outflows. These outflows open channels or cavities along the polar and equatorial directions. Thus the HC 3 N J=5-4 emission is very useful in providing complementary information to previous observations on the structure of the Egg nebula. To gain more insight on the structure of the nebula and to estimate the abundance of HC 3 N, we construct a simple of model of the HC 3 N shell. In Figure 4 . we show a sketch of the overall structure of the HC 3 N shell. The hollow shell is filled with the remnant AGB wind, which is asummed to be spherically symmetric. Collimated fast outflows emanate -11 -from the central post-AGB star along both polar and equatorial directions. These outflows interacts with the slow AGB wind, entraining molecular gas along their path. As a result, the remnant AGB envelope is disrupted and two pairs of cavities are excavated by the fast collimated outflow. For simplicity, we assume that the abundance of HC 3 N is constant over the whole hollow shell. We do not take into account the presence of HC 3 N J=5-4 emission near the center of the nebula because a correct derivation of the abundance and spatial distribution would require more constraints from multiline observations. We also assume that the HC 3 N J=5-4 line forms under the LTE condition with a temperature of 30 K. Although the LTE assumption might be quite crude in the circumstellar envelope environment, it is commonly used to estimate the relative abundance of molecules. For our purpose of studying the spatial kinematics and estimate of the abundance, that assumption should be adaquate. When multi-line observations are available, more elaborate model can be constructed. We project a spherical hollow shell into a 3-dimension regular grid. We adopt an expansion velocity of 15 kms −1 for the shell. The gas density at each radial point in the shell is calculated from the mass loss rate. We adopt the mass loss rate of 3x10 Table. 2.
In Figure 5 we show the channel maps of the HC 3 N J=5-4 emission calculated with our model. The main features found in the observed channel maps, namely the cavities and the changing morphology of the emission between velocity channels, are qualitatively reproduced in our model. The predicted total intensity profile of the HC 3 N J=5-4 line is shown in Figure 6 . The predicted line profile is similar to that seen in the single dish observation of Fukasaku et al. (1994) and also in our observations. The observed strength (about 2 Jy at the peak intensity) and the parabolic shape with a depression around the systemic velocity, which is caused by the presence of the two pair of cavities, of this line is also reproduced with our model. .
Summary
We have imaged at high angular resolution the distribution of HC 3 N J=5-4 emission line in the Egg nebula We find that in the approaching and receding portion of the envelope the HC 3 N emission traces a clumpy hollow shell structure, similar to that seen in normal carbon rich envelopes. Near the systemic velocity, however, the hollow shell is fragmented into several large blobs or arcs. The missing portions of the hollow shell correspond spatially to locations of the high velocity outlows observed previously in the Egg nebula. We also find that the intersection of fast molecular outflows previously suggested as the location of the central post-AGB star is significantly offset from the center of the hollow shell. We interprete the observed spatial-kinematics of HC 3 N J=5-4 emission as the direct evidence for the disruption of the slowly expanding envelope ejected during the AGB phase by the interaction with collimated high velocity outflows initiated during the transition. From -18 - Opening angle of bipolar lobes 40 
